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Abstract ,

As a part eof the LS1 CAD, a software for CAD photomask ---
- 2ZB-761 was designed and put into use on 8 DJS-130 computer in 1976.

Since then several dozens of IC photomasks have been made.

The input language of the software has a fairly high ability
? of deseribing IU patterns. Its data structure enables minicomputers
such as DJS~130 ( without the externel storege ) to handle a large
amount of IC pettern data. 'The mask fabrication time using special

squipments has been reduced extensively bescause of the optimization

of the object program. Furthernore, the software possesses come

'u% ebility of deta checking and man-mschine conversastion.

‘ ‘this paver introduces in detsil the characteristics of the
input lsnguage of the software, date structure, transformation
computation in compilation, end optimization of the object progran,
etec. It elso proposes soms idea about the sutometion in LSI

pattern design.

1 Introduction

Computer Alded vesign of Photomask is a technology of fabri-
cating vhotomesks of large Scele lntegrsted-circuits using computers
and specisl rask-fabrication equipments. 1t is a part of LSI CAD.

CADP? cen be realized by writing & source program in the form

of specially designed "CADP language'" from a man designed IC pattern
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sketch, inputing it into a computer by meens of paper tepe or

keyboerd. After the processing of the CAuvr tasnguage compliler, the
computer produces a paper tape for progrem control which is then
used to drive progran controlled mask fabrication equipments to
fabricate intermediate-step photomasks (these program controlled
equipnments may'also be connected directly with the computer to
fabricate photomesks). Up till now, the progran controlled mask
fabrication equipments are sutomatic mask cutting mechines, pattern
generators snd electron beam mask fabrication equipments. 1t is
more often to use the former two. Also, UADP may be reslized by
inputing pattern dete and other necessary informetion directly into
the computer by mesns of "man-mechine conversstion™ pattern input
equipments, if the eveilability of facilities allows, and processing

these date with the computer. The block diagram of CADF is shown

in rig.l.
] T e N
Fig.l Tke block disgram of CADP

1l - Man designed 1C pattern sketch
2 - Writing & source progrsn
3 - Computer processing
4 - Control the mask cutting mechine to operste
5 - Cutput s progrsm controlled paper tape
6 - Fabricete the intermedirte-step photomaesks by means of

minieture photogrephing
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7 - Pattern generator fabricstes the intermediete-step
photomesks

8 - Step-by-step obJective photomask febricstion

there are six parts in this paper: 1) An outline of #B-761
input language; 2) Data structure of the softwere; 3) Transformstion
" computetion in compilation; 4) Optimization of the objective

progren; 5) Result checking and men-machine conversation; 6) Idess

and preperations of realizing sutomatic design.

I. AN OUTLIN® AND SOFNMY GHARAUTHFREISTICES (UF z2B=761 1MNrU1 LaNuuaGy ;

2B-761 langucsgce is a specielly designed language for IC photo-

mesk fabrication. There sre more than thirty stetements in this
lenguage which are divided into three types. The first type is
"declerstion type™ which describes the technological specifications
in fabricstion end the working conditions of the pettern generator.
The second one is "pattern description type" which describes the
photonask patterns. The third one is "operation type” which drives
verious peripherel equipments to operate.

The construction of the source progren of ZB-7€1 lengucge can
be shown with Fkig.2.

'he "subpattern statements" in tig.2 ere the ones that describe
e rectangular and simple combinetions of rectangulers. Also, the
“tronsformation stetements" describe translation, svmmetrization
end rotation of subpatterns. The subpeiiern statements are the

mosat basic ones anong ell thege statements since & rectanguler 1is

the sirmplest unit subpattern in a digital circuit pattern.
3




- technological specification decleration

stetements

- declaration statements for the upper
- declaretion part - :
~ pletform of the pasttern generator

unit circuit library decleration

L statenents
~ beginning of the progran segments
- subpattern statenents

- trensformation statenents

- combination stetenments
— pattern descrip-
combined subpsttern

1

tion part - pattern de-
} declaration
source (region progranm scription

. , call stetenents
program | segments end the | part in the |

i
)

- layer piling stetements
entire pattern program

: - interconnection line
progrem segnent) segments
stetements

- automatic design

statenents

L other statements
. end of the progrean segnents

- printout ststements

D i
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- punchout stetements
L opsration part
- drew statements

- display stetements

Fig.? Scirce progrem structure of ZB-761 lenguage

i

A aaie ATV TR




We will not explain these statements one~by one. Instead, we

shall compere them with some standard progrsrming language to in-
troduce some characteristics of this lenpusre. Tor rore detsil
please refer to (1].

Now we compare the langusge ZB-7¢l with rORIHAN.

(1) Block structure --- program segnent

The key part of the ZB-761 langusge, that is, the pattern de-
scription part, is structured in blocks. It is comprised of an
"entire pattern progren segment" corresponding to s main progran
and several "region program segments” corresponding to subprogrems.

In spite of the complexity that e digital circuit may have,
it can always be decomposed into some subecircuits (e.g. gates,flip-
flops, shift registers, etc.). 'he corresponding design pattern
is also corprised of subpatterns corresponding to these subeircuits
and the interconnection lines between them. Thus we ey define
these subcircuit patterns as "region progrsm segments", and only
use cagll stetements in the main program to form s desired pattern.
This can 8lso be generalizsd to any frequently-sppearing subpatterns.

The characteristics of the block structure enables each progranm
segment to describe a subpasttern independently. It also ensures
the separation of writing, debugging and checking of the source
progrsm. Also, it is convenient for seversl people to write the
source progren for the same design pattern.

(2) Paremeters and argunents ~-- definition, calling and
transforrmation of progrem segrents

In defining the region progrem segments, although a user
writes the source program in accordance vith the actual coordinstes
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in 8 design pattern, the region progrem segments after compiling

do not represent the actual pattern. They only represent “"floating"
subpatterns with relative coordinates. The actusl pattern is
reconstructed by the arguments in the call stetements. The
arguments include the X, Y coordinates of the lower-left corner of

the subpetterns and the transformetion statements describing the

" geometrical trensformation relation.

ror exemple, rig.3 shows s design

pattern which includes three identicsl

t:z%:n subpatterns with different positions
g end different orientation. Considering
F-==oy  x C:§:: the same subpattern 7, in position
mflh--1 2 (0,0), we define a region progran

segment named Q,. The subpsttern U

mey be single-layered or multi-

layered. 'the actual subpatterns at
(x6,%), (X,,¥,), (X,,¥.) are realized by cslling 7,. 'This can be
written in ZB-761 language as:

n\Y 0,/
WPY  xg Yoo
DY Q,/
NSZ xy, N J
ANYD x,, Yzol

where “./"s are the statement seperators, "#uY", "ppPy", wgss™, "#yp" ]

sre the statements for "call", "translate", "rotate 90° clockwise”

and "symmetrize with respect to Y axis". 'he execution of the first

-
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two statemsnts results in a translated Q, pattern at (xo yo)» « The
middle two statements result in a 90° clockwise rotated Q, pettern
at (x» y),, rinally, the lest two result in a Y-sxis symretric
pettern of Q, et (x, y:) « The three transformation statements
functioned as arguments in celling the subprogram.

(3) Functional stetements --- combined subpsttern declsration

As the functional statements in FORYTRAN programming language,
can define a "combined subpattern" with "combined subpattern decla-
retion” statements in case that the same single-lavered combined
subpattern is frequently referred to in a subprogram, then reslize
the actugl psttern by the call statements and the geometricel
transformation statements.

For example, we assume that the subpstterns in Fig.3 sre
single-layvered combined subpastterns. 1n the subprogram we cen
first define a combined subpsttern T, with "combined subpettern
declaretion”" statements and then cell it witk the transformation j
statements as the arguments to produce three actual subpatterns.
This cen be vritten as:

AwDY T,/
NPY xo, yo/
AADY T,/
A\SZ x,, Yu}
W\DY T,/
NYD  xy )':J

(4) Nested calling

The defining and the celling of the combined subpatterns and

subprogrens has extensively improved the ability of pattern
7




description. HNHowever, practical circuit patterns often require

the function of nested calling. ZB-761 allows the nests of calling
subprograms or combined subpatterns up to 10 vhile does not asllow
any kind of self-cslling. For examples of nested calling, please
refer to Fig.4 and Fig.5.

(5) "Subroutine"” --- standard unit circuit library

Again &8s standard subroutines inruxrnan, zp-761 is equiped
with a "stsnderd unit circuit library”. Frequently used basic
circuit subpatterns are stored in some precseribed way in the
librsry by means of preprogremming. During the fabrication, the
unit circuit library is called and transformed geonmetrically to
produce the desired subpetterns.

Since the unit circuit librery is ususlly stored in the
externel storege, they must be declared by "unit circuit library
declarationY stetements in order to dump these unit circuit
subpatterns into the internal storage for use.

1he design of the unit circuit library not only simplifies
the source progranm, reduces a lerge amount of work in reading
coordinates, it slso facilitates the further work such as pattern
essembly end layout.

Other functions and charscteristics of this language such sas
trensformetion of subpattern stestements, additivity of transformatiocn,
successive use of transformation statements, and pattern combination

which is similar to do loop will not be dealt with here.

li. DLATA OTHUUTUKY

Any programning language nust deal with the issue of data
8
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structure. This problem becomes more important in CADP langusage

since this languare may be viewed as a program for procaessing graphic
dats in some sense,

‘'here are ususlly a large number of rectangulars up to seversl
dozen thousand or even several hundred thousand in an ic¢ pattern.
It will be very space and time consuming if the data of these
rectangulars are stored directly in the computer. Besides, it will
be very inconvenient to find, to convert, or to modify s pasrticular
one of them., Thus it is necessary to design a dats structure to
store these graphic data so as to save the internal storage and to
make it easier to find, to convert, and to modify them.

A so called "intermediate result form" chain structure is

designed for ZB-761 &s the basic dats structure. After compiling,

the source program is stored in the internal storage as an inter-
mediate result. Vhen the output part is executed, the date in the
intermediate result form are transformed into various output form
required by peripheral equipments,

A nested IU pattern is shown in Fig.4. 'The entire pattern &,
is comprised of three regions (A,QB end JU. QA conteins §Al and
QA2 (nemes with initisl letters Z are entire pattern names,
similarly, Q's denote region names and I''s denote combined sub-
pattern names). 0B contains 7A1 and QB8l. QU conteins Qa2 and Q81.
kach "Al, A2 and Qpl contsins TA, 1B and TC. %TA is comprised of
'8 and 8 subpattern, TC is comprised of 1A and the subpsttern, while
'8 is conprised of the subpattern only. The subpattern is the

basic graphic cell. After compiling, the data form in the internasl

storage is a chain structure s shown in rig.5.
9




TATE, [ﬁ&g T AT
7C) JACEB,TC)

A2 . ’

Q :_"LL__J (83131

TATE | &

AY | GaTA(TATE)
Q“__j ‘}TC) TC)
A ) caAe Q81

Z1

Fig.4 A nested psttern

TA
(T3 ind A
Sub

T8

rd ind. -~ indicator

sub

s . sub. - subpattern

TA in

sub

QB1 ad

|
M5
[TB ind
TC ind

Fig.5 Dsata structure in the internal storage

corresponding to Fig.4

'he indicators Q and T in Fig.5 are comprised of six to ten
internal memory cells for each. 1In case thst the progrem segments

or the combined subpatterns sre only called and transformed, the

indicators are comprised of six words as shown in Fig.6. This is
called the "simple-indicator". 1n case that further combination
18 needed after those calling and transforming, the "multi-indicator"s

comprised of seven to ten vords as in rig.? are used. The trans-

formation code in ¥ic.6 and Fig.7 represents the transformation
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relation between the 7 or T when they were defined and the 7 or T

after being cslled.

transformation code

entrance address of 2 or T

length of ¢ or 71

width of 2 or T Fig.6

X axis coordinate of the lower-left
corner after being called

T;_axis coordinate of the lower-left
corner after being called

L)

transformation code

entrance address of 5 or T F

rlength of nor T

Lwidth of N or T

j X axis coordlnate of the lower-left
3 corner after belng called

Y axis ccordinate of the lover left Fig.?
corner after being called

spacial interval of repetltion in
X dlrectlon
spacial interval of reoetition in
Y dlrectlon

tsmes of repetition in X direction

- B —— By P —

tomes of repetltion in Y dlrection

this structure obviously saves & large amount of the internasl

storage. It does not store any redundant parts. Also, due to the

‘ indicators, it is quite convenient to find each duta block.
11
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It is also convenient to modify the lU pstterns with this date

structure. For example, if we wish to add e QBl in Z1, wve only
need to insert a Bl indicator before the end code of Zl1. TFig.8
shows the result of adding 7Bl in 21. Similerly, if we wish to
delete a region "B, it suffices to substitute CB with a reject

indicator. ''he result of deleting "B in the data block of Z1 is

shown in Fig.9.

; beginning of <2 beginning of Z1
l QA indicator QA indicator
NB indicator reject indicator
QU indicator QC indicator
QBl1 indicator end of 71
end of 2l
Fig.9 ’
rig.8

This data structure also mekes the layout and assembly ezsier.
In layout or assembly, we consider the object being assembled as
an entity placed somewhere on the pattern regardless of the contents
contained in the object. In order to sssemble A, 2Bl and 7Al into
42, tor example, we construct g table shown in rig.l10, and till in
appropriate values tor the transformstion codes and lower-left
corner coordinates of the 2A, QBl and )Al indicators. 1f we want
to change the position and the orientetion of these regions in the
pattern, we only need to change the above parameters.

Voreover, an "intermediate form of lines" and some other date

forms hsve been designed for ZB-7c¢l, which ¢ive dats structures of

12
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the interual storage for manual

beginning of 72! interconnecting, lightpen inter-
3\ indicator ] connecting and automatic layout
Bl indicator design.

NAl indicstor

end of 22

Fig.1l0

IIT. TRANSFURDATIUN CULIPUTATIUN LN GUNMPLILING

1he data of sn IC pattern needs a large amount of graphic
transformation computations. A computational algorithm of trans-
formation using rectangulars as the basic graphic units is designed
for ZB-761 which simplifies the prograr and mekes it easier to read
the psttern.

There are eight different kinds of trensformeticns for e graph
with sides parallel to the plene coordinates (the graph is composed
of rectangulers). ‘rhey sre: translation, symmetrization with
respect to the X axis, symmetrization with respect to the Y saxis,
symmetrizaetion with respect to a center point, 90° clockwise rotation,
90® counterclockwise rotetion, 90° clockwise rotetion end symmetri-
zation with respect to the Y axis and 90° counterclockwise rotation
and symmetrization with resvect to the Y axis. The latter two are
nothing but the superpositions of the two transformations of the
previous ones, thus any graphic transformation can be expreesed in
terms of six different kinds of transformations.

Symmetric axes, symmetrie centers snd rotstion centers are

ususlly considered in deslirg with rranhic trensformetions. When
13




a Cartesian coordinate system is transformed, the relation of a
point's coordinates before the transformetion and after the trsns-
formstion can be expressed in the matrix form es:

[x" y 1]=(xy1]A
where x', y' are the coordinates after the transformetion, x, y are
the ones tefore the transformation, A is the following 3x3 metrix:

For transletions,

where Ty, Ty are the anount of trensletion;

For symmetry transformetions,

when §,=1, §,=-1, D is en X-symmetrization metrixj when s -=_; s =y
D is a Y-gyrmetrization matrix; whens,=S$,=-1, D is s center-
symmetrization matrix;

For rotations,

. 0 =-sind O
A=2Z= [sin() 0 0
0 0 1
when 6 =90°, 7 represents a 90° clockwise rotetion; when 2 =-90°") 7

represents a 90° counterclockwise rotetion.
This kind of trensformstion computation requires the user to
find symmetric sxes, symmetric centers and rotestion centers.

Moreover, since the operend is "points", it incresses the anount

14




of work in compiling when these points are converted into rectengulars,

the basic graphic units in the internal dats storsge.

ZB-761 gives s computational algorithm of tresnsforration with
rectangulers as the basic graphic units. Vvith this computation
the user does not have to find symmetric axes, symmetric centrrs

eand rotation centers. Instesd, it is only required to find the

" transformation relation and the lower-left corner coordinates after

tre transformation, which is ususlly s very essy task. This reduces
the amount of worl in reading the sketch snd avoids possible errors
in finding symmetric axes, syrnetric centers and rotation centers.

In this case, the transformation computation mstrices are:

1 0 o0 S, 0 0
P={0 1 0 D= 0 S, 0
X, Y, 1/, 1-8, 1»_—_5,
7 b T L .
0 -sin@ 0
Z= sing 0 0
1-sinp 1+sing
2 L 2 L 1]

where x, , y, are the coordinates of the lower-left corner after thre
trensformation; S.. S, and p are as befors; L.=L-Ax, Ly=W -4y, Where
1L and W are the length and the width of the outer sides of the
transformed greph, aAx and Ay are the length and the width of =
rectanguler inside of that transformed greph.

All the transformstions must be postmultiplied by the P metrix
as the last step.

Thesc matrix representation of the transformetion computation

cen be generslized to handle the dats representing en array of

15




regularly srranged rectengulars.

IV, OPTIV1izawl0N OF 1HY ORIKCTIVY PROUGRAN

Atrter conmpiling, the source program finaslly becomcs sets of
instructions and sets of data for the progren controlled equipments
to fabricate photomasks. ‘rhese sets of instructions and scts of

data are the objective progrem. ‘The quality of the objective
program directly affects the efficiency of the mask tabrication
equipments and the quality of the photomasks. Hence it is necessary
to optimize the objective progrem. vie consider mostly the optimi-
zation of the cutting (drawing) progrem and the operation progrem
of the pattern generstor.

There are three parts in the optimizaticn of the operstion
progrann of the pattern generator: the optimization of the lower
platform path, the optimization of the slit path and the optimization
of the upper platform path.

The pattern generator works in this way: a light beam from a
source passing through en adjustable rectangular slit, projects a
rectengular exposure region on the film fixed on the lower plstform
to rfabricate interrediaste-step photomasks. ''he lower platform can
move along X end Y direction to change the position of the rectanguler
on the tilm end to meke more rectengulars in different positions.
‘thus in order to febricate an intermediaste-step photomssk, the
rectengular slit must be changed frequently and the lower platform
must be moved frequently. The problem of minimizing the total

emount of distence the lower platform travels, and the number of

chenges the slit mede, is the problem of optimizing the lower

16




pletform path end the slit path of the progrem of the pattern
generstor.

Besides, for the pattern generator with a fixed pattemm platform
(upper pletform), there are seversl premade pattern sets on the
upper platform. Yhen the upper platform is used to fabricate
photomasks, the problem of minimizing the totel smount of the
distance the fixed plstform moved is the optimization problem of
the upper platform path.

The optimization of the lower platform path is most impqrtent
among these three., We 1illustrate its significance with rig.ll.

Suppose we want to generste six

identicel rectengulsrs as shown in Fig.ll.
In this case the slit remains unchanged,

while the lower platform is moved to six

prescribed positions to have the film

exposed. The path indicated by the doted
Fig.ll (i.e. 1=26-452>523 )
arrows,is much longer than the psth
(L.e.! 222312526

indicated by the so0lid 8ITOVS, Obviously, srnortv path means high
efficiency in pattern génerating. Ve cal see from this exemple
that the optimization problem of the lower platform is in fect the
one of arrsnging the output order of subpastterns. In gerersl, for
n rectengulers to be generated, there are n) possibilities of
different orderings. If we go through sll the n! orderings to find
en optimel one, we need to compute (n/e)* different schemes. When n

is lerfe (for CADP n is usuaelly several dozen thousand or several

hundred thousand), the amount of computation is tremendous and is

impossible to imprlement.
17

TR R AT S A PRI




ZB-761 uses the following optimizetion elgorithm vwhich includes
itwo steps.
*he first step is to generste the output subpetterns in the

order of ereas and to optimize the ares order.

'he entire pattern is divided into seversl aress. ‘'he amount

of each eres nmay be either fixed or vsried sccording to the instruec-
. tions of the user. Ior exemple, a pattern is divided 4{pto 16 arees

which are numbered ss in Fig.1l2 (a) or (b). The generator generstes

4| 5({12]13 16115{ 14! 13
3] 611114 gl1o|uli2
2 7110115 8 7 8 5
1 8 8]16 1 2 3 4

Fig.12 (a) Fig.12 (b)

subpatterns in the order of these areas, i.e. first it generates
all the subpatterns in ares 1, then generates those in ares 2, end
so on. <Thus, if each ares is viewed as a subpsttern, the output
order 1s optimal.

The second step is to arrsnge the genereting order of the
subpetterns in each ares using "simplified postman's method". 7he
ides of this method is to find the nearest subpattern with respect
to the current one as the next working object, and to continue this
process until all the subpetterns in the area are done. ‘'lhis
method is only rela  ively optimsl since it does not compute and
compare all possible orderings. ‘'he rigorous optimel one requires
the emount of work up to the order of nt, while the "simplirfied

18
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postran's method"™ requires only thst of n which reduces the
computetion time, simplifies the program, and exhibits s feirly
eood result in experiments.

The optimization of the slit path end the upper platform path
are simple and vill not be discussed here.

The optimizstion of cutting (draswing) progren is considered
tocether with the problem of "elimination of extrs lines". 1In tte
view of optimizing the drawing progrsm, this problem is to arrence
the output order of all the lines in the pettern so ss to minimize
the path of tle pen.

ZB-761 solves this problem as follows. The lines in X direction
and the lines in Y direction are drawn seperately. All the lines
in X direction (or Y direction) are drawn first, then the lines in
the other direction are drewn. This also mares it essier to change
the direction of the cutting tool in the cutting program (if there
are seversl cutting tools in the cutting machine, the problenm or
changing the direction of the cutting tool does not exist). The
S-psths of drawing the lines in one direction are shown in Tig.13,
in which (2) shows the path of dreswing in X direction ané (b) shows
thet in Y direction. Again this method is relatively optimal but
not necessarily rigorcusly optimal. To find the rigorous optimal

one requires again the amount of work up to the order of nt. However, s
more important resson of using this method is to accommodate the
computationsl algorithm of the "elimination of extra lines”.

Since the pattern generstor is regarded as the key equipment

in the mask fabricetion, the input language is desiiyned so ss to

meet the requirements of the output of the generator. 1ln other

19




words, it uses rectangulars as the bssic graphic units. Thus there
gerises s problem of converting rectanguler dste into line segment
data. For some graphs, "extrs lines" appesr if rectangulers are

used as the baesic graphic units. When the g¢graph in FTig.ly is

: !—--—“
—_——— B
[E——|
| 4 D
| — - L |
| 1
! A G F
(a) tb)
| rig.13 Fig.14
;

divided 1into two rectangulers, for exemple, the extrs doted line
DU appears. Ve call this kiné of lines as "extre lines". When a 1
pattern is generated in a pattern generator, the problem of extrs
lines will not sppear even if the gravh ABuprr is obtained by
putting two rectengulars togfether, However, an extra line will be
drewn in drawing (cutting). ''hese extra lines cen be eliminated
when the optimizetion of the draswing progrem is performed.
One possible approsch is to use the method of elimineting envelopes
in graph theory which is internel storsge consuming and time
consuming. The other approsch used in ZB-761 hes the sdvantages of
simplifying the program, seving the internel storage and reducing
the computation time. 'he idece is as follovs.

Let «x,, x.t, be the X coordinctes of a horizontal side of a
rectengulsr, x,<x,, end x,, * be that of another one, x ,<x.0» 8N4

they have the same Y coordinates. ‘'here are three cases regarding

to the relstion of the x!s. ‘'the first case is shown in rig.ls$,
20
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0 <x,<xy<x,, + 'The line segments %, x, and x, x, do not overlap. rhere
is no extre line in X direction. ‘he second cese is srown in rig.l16,
<xs<x;<xs « ‘Yhe line segcments x. x: and x; x, overlap. 'rhe portion
of overlaping, x, x;, 18 the so called "extrs line". In this case,

the output line segments are reduced to x, x;, and sx, x;, X x; 1is

eliminated. A degenersted case of this happens when x,=x, , the

"extra line is derenerated into a point. ‘'l'he output line segment

is x x, after eliminating this'%xtnipohﬂﬂ {rig.17). “The thira
case is shown in rig.1l8, x,<x,<x;<x» . ‘The line segment x, x, is

contained in x, x,. 1n this case the extra line is x x,. 'he

output line segments are reduced to x, x, and x; x,,» Vhen 4=, oOr
.xy=1», (@88 shown in rig.19), the output line segment is only «x, «x,
orx x, . When , -4  and x,=x,, the line segments x x, and i x,
coincide each other. They are all extra lines and there is no
output line segment (as shown in Fig.20).

The above three cases are combined into the same computationsal

algorithm. The coordinates of these four points are srranged in

xl x? x, x,
x, X2 X3 X4 Xy X4
X3 X4
Fig.15 Fig.16 Fig.17
Xt X3 X| X2 Xy x'
Fig.1l8 Fig.19 Fig.20

21




value increesing order. If there sre points having the same
coordinstes they should be elimineted. Then the remsining points
"are coupled from the left to the right to form the output line
segments.,

This idea can be generalized to any number of points. The
algorithm is easy to progran. After eliminating the extra lines
-in X direction, the same algorithm can be applied to VvV direction
to eliminate the extra lines in that direction. The output order
of line segments after eliminating the extrs lines is the above

mentioned optimal order.

V. RESULT CHTCIIING AND MAl-MAGHINE GUNVEISATLION

The photonask fabrication program is essentislly a program for

processing dsta. it needs to handle more data than for scientific
. calculation. Hence, an important problem is how to check these
dats results.

Several means for data result checking are considered as
follows.

(1) Syntex error and semantic error checking in compiling,
which cen indicate these kind of errcrs.

{(2) rechnological specification checking. The user may
prescribe some technological specifications such as the width, the
interspace and the registering tolerance of metal interconnection
lines snd diffusion regions by means of technologicel specification
declaration staterients, and then use the program to check whether
the pattern data meet these specifications. This c¢an detect the

I, data errors that sre correct in the sense of syntax.

22
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{3) Stepwise and blockwise checking. At each stcp of the

program execution the current data stored in the internal storage
can be printed out for check by typing in instructions from the
keyboard. The source program can also be tested and checked block
by block bscause of the block structure.

(4) Checking by meens of drawing end displaying. Parts of the
pattern or the entire pattern cen te drswn using the drewing machine
or be displayed using the pattern display device. Ususally the
display device 1s used for area checking while the drawing machine
is used for the entire pattern checking. Since drawing is well
visualized snd it is possible to draw seversl patterns of different
layers in the same draswing using different colors for registerinr
tolerance checking, it is ususlly used as the means of the final
check.

(5) Checking of the program controlled paper tape of the
pattern generator. In case that the pattern generator is operated
by being disconnected with the computer and using a progran
controlled paper tape as the input, it is necessary to check this
paper tape to prevent the data errors on the tape caused by
malfunctions of the computer or the peripheral equipments.

The method used in ZB-761 is to re-input the tape into the
computer and to have it checked by a special checking program which
can either "recover" the data on the tape into the original pattern
data and then output them by printing, displaying or drawing
according to the user's instruction or compare them with the dats
stored in the internal storage and check them one by one. The
"racover" used here means to recover the tape dats into the dats

23
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similsr to the finel results.

ln one word, pasttern dats checking possesses an important
position in the mask fsbrication software since it i3 & vitsl means
of improving febrication efficiency, reducing errors and avolding
doing the same work over egain.

Users usuzlly wish to check end modify the pattern dats in
each step of the program execution. ‘o meet this requirement a

set of keyboard instructions is set up in ZB-761 which controls

the execution of the program in each step by means of man-mschine
conversation. Eesides,the light;en display device can be used to

check and modify the pattern and to display the conversation.

VI. rH¥ 1DEA AND PREPARATION OF DESTGN AUTUMAYLZATLUN

ZB-761 software is only an aid in mask design and fabrication.
Manual work such as drawing the pattern sketch, reading out
necessary data (although the amount of the data read can be reduced
by improving the software) and writing the source progrem is still
required. However, the design sutomatization has been considered
eand some preparation has been done in designing ZB-761.

The following aspects are considered for the pattern design
sutomatization.

{1) set up the unit circuit library. This is both a software
matter and a technologicel one. Assembly and layout automstion
are based on this issue. For the consideration or the software
menagement, classifiing, indexing and protection of the library
shbuld be teken into account. And of course the deta structure of

the librsry eand of these unit circuits must be designed. Ve made
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a preliminary sttempt to tacklc these problems, that is, we

considered these data structure and the indexing methods. For the
consideration of the technology, the subpatterns of various unit
circuits should be standardized and be normalized to file.

(2) Automatic design subroutines. This method cen be anplied
to seversl kinds of regular unit circuits such as RCM's and decoders.
this is in fsct enother kind of unit circuit library. What is
stored in the above mentioned unit circuit librery is the subpattern
data while it is the standard subroutines for forming corresponding
subpatterns in this case. The subroutines for forming Y0S's and
decoders are set up in ZB-761. 'rhus it is only required to give
some technological specifications and circuit information in
forming these subvatterns instead of reading the sketch.

(3) "PLAY automatic design. PLA is the abbreviation for
programmable logie array. 4B-761 can handle regulasr patterns such i
as registers and shift registers very easily. ln case of irreguler
circuits, however, more sketch reading is required. Using PLA,
some irregular circuits can be decomposed into "AND" matrix circuits
and "UR" matrix circuits whose patterns are regular. ‘hus the
patterns of irregular circuits can be transformed intc regular array
patterns which can be designed sutometicslly by software. We call
this design method as "PLA" automstic design.

(4) Assembly using man-machine conversation. With the above
means, the assembly cen be done by assembling subpatterns of unit
circuits into larger pattern blocks of functionsl circuits and then
into the entire pasttern using man-machine conversotion. By this

way the amount of msanual work in drawing the sketch and reading
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the data csn again be reduced. Also, check and modification can
be performed easily during the assembly.

(5} Automatic layout design. Based on the above discussion,
the research on automatic layout design program can begin if
conditions allow. <v1his leaves much work to be done so far.

Since 1976 when ZB-7€¢1 was put into use, several dozens of

the intermediate-step photomasks have been made, of which there

are 12 bits randomn access storsges, 13 bits }0S ROl's,and 10 bits

MUS5 dynamic shift registers, etc. Some modification and sugmentation
has also been mede. Because of the limitation of our knowledge,
there are still some imperfections in the software that need to be
improved further.

‘the personnel participated in the research of the software is

? es follows: Cai Da-yong, Wu Qi-ming, He Xi-zhang , 4hang Zhu-ping, '

»’ Gao Yong-lin, Zhu ling-xue and some current greduates majoring in ’

3 computer programming. ‘The personnel of Group 209, Institute of
Semiconductor, Academia Sinica, offered us a greast help in the

research. we also appreciate the coordination of Sun Jia-guang
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and Cheng Yu-lin in software testing.
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A Software for CAD Photomask-ZB-761

Hong Xian-long Department of Electronic Engincering

Abstract

As r part of the LSE CAD, a software for CAD photomask-ZB-761 was de-
signed and put into use on a DJS-130 computer in 1976, Since then several dozens of

1€ phnh-m:ﬁk- have been made.







